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The Use of Simulation in Ophthalmology Residency Training: Singapore National Eye Centre Experience
To date, the use of simulation is becoming increasingly popular in the healthcare setting. It has been shown that there is a significant effect on outcomes of knowledge, skills and behaviours, with more moderate effects for patient-related outcomes associated with technology-enhanced simulation training 1 .
The Singapore National Eye Centre (SNEC) has the largest number of Ophthalmology residents and medical students who undertake their Ophthalmology postings or electives in Singapore. In order to cater to the training needs of both medical students and residents, we have started incorporating some simulators as part of the clinical and surgical education.
Direct Fundoscopy Examination
Direct ophthalmoscopy or fundoscopy is the single fundus examination skill that has been incorporated into the medical school curriculum. It is an important clinical skill that allows for quick screening and picking up of pathology at the bedside, yet it is difficult to teach and its competency is difficult to assess prior to the release of the direct ophthalmoscopy simulator.
We have adopted the use of mannequins as part of the EYE Exam Simulator (Kyoto Kagaku Co Ltd, Kyoto, Japan). This system is an innovative trainer for fundus examination, designed to allow the examination of fundus using the physician's own ophthalmoscope. The pupil aperture is adjustable to simulate both dilated and undilated pupils and the image of the fundus is created by a set of slides depicting common pathologies. It will be of great value to utilise this device in practical examinations to evaluate direct ophthalmoscopy skills of medical students and junior residents.
In addition, the Eyesi Direct Ophthalmoscope Simulator (VRmagic, GmbH, Mannheim, Germany) is a new device that has recently been released in the market. It uses virtual reality to enhance the teaching of the essential diagnostic skill of direct ophthalmoscopy. The simulator has an incorporated curriculum that allows independent learning by the trainee. It is able to provide prompt feedback on the user's view, the examined area and whether the abnormal retinal pathology has been detected in the simulator. From the monitor screen connected to the direct ophthalmoscope, the trainer can also evaluate and offer guidance during the process of examination. Whether the skills acquired from the use of these simulators are translated into clinical practice has yet to be proven. Further research is needed to assess the effect of this system on the medical students' and physicians' confidence and competence level in performing direct ophthalmoscopy.
Indirect BIO Ophthalmoscope
Unlike the direct ophthalmoscope, the indirect ophthalmoscope confers binocularity by the use of mirrors in the instrument to reduce the pupillary distance of the observer to about 15 mm. The instrument is attached to a headband or spectacle frame worn by the examiner, and with the use of a condensing lens (usually +20D to +30D) held in front of the patient's eye, an aerial image of the fundus is formed that is magnified, inverted and laterally reversed. Proficiency in the indirect ophthalmoscope requires painstaking practice and junior Ophthalmology residents often struggle with: (a) maintaining stability of the instrument and lens and the patient's eye and (b) difficulty in lens control 2 .
More recently, the Eyesi Indirect Ophthalmoscope Simulator (VRmagic, GmbH, Mannheim, Germany) has been invented to provide residents with augmented reality training which encompasses elements of a physical real-world environment (hand-to-head coordination, anatomic obstacles) Proceedings of Singapore Healthcare  Volume 23  Number 4  2014 supplemented by a computer generated input (digital fundus photograph, real-time evaluation, etc.) 3 . In SNEC, we have recently implemented this simulator as part of the BIO training for the junior residents who have just entered the residency training program. The EyeSi indirect ophthalmoscope can provide trainee evaluations of both procedural and diagnostic skills by assessing the time needed for examination, and percentage of retina examined properly, which translates into critical information in assessing a trainee's proficiency in the indirect ophthalmoscope.
Cataract Simulator
Phacoemulsification training has always been challenging for junior residents during the initial period. In SNEC, all junior Ophthalmology residents are required to undertake a phacoemulsification course, followed by multiple wetlab sessions using pigs' eyes and final assessment by the designated specialist trainers in SNEC. From 2013, all year one junior residents also must undertake an additional training phase using cataract simulator prior to the final assessment by the cataract trainers. Cataract simulators have been shown to offer various training advantages to the Ophthalmology residents and these include decreasing both the time to acquire operational confidence 4 and operation duration 5 , and improving capsulorrhexis technique 6 .
The cataract simulator we use -the EyeSi Surgical Simulator (VRmagic, GmbH, Mannheim, Germany) -is a high-end virtual reality simulator for intraocular surgical training and simulates a life-like learning environment. The simulator consists of different parts including a microscope, handheld instruments, a mannequin head with a virtual eye, foot pedals for the microscope and phacoemulsification machine and a touchscreen monitor on which a supervisor can watch the surgeon perform. The hand pieces are all colour coded using optical tracking systems for conversion of movement to electrical signals then sent to the simulator after being inserted into the artificial eye. Complex algorithms in the machine help to create accurate tissue characteristics in different learning modules and hence, allowing the simulation of different environment during phacoemulsification 7 .
In order to offer an immersive surgical simulation environment, the EyeSi Surgical Simulator includes different learning modules; the settings of the machine can also be modified to simulate different surgical environments. In order to assess the residents' performance on the simulator, the training history such as the number of attempts and the scores for a particular module, time taken to complete a task, and incidence of corneal touch, can be extracted from the machine.
In conclusion, the use of simulation confers substantial advantages in the education of medical students and in-training Ophthalmology residents, especially for those who are relatively junior. More research should be conducted to assess the clinical and cost effectiveness of these simulators in enhancing the quality of the clinical service as well as the learning experience of junior doctors.
